
http://www.diva-portal.org

Postprint

This is the accepted version of a paper presented at World Conference on Timber
Engineering Quebec City, Canada, August 10-14, 2014.

Citation for the original published paper:

Sejkot, P., Kuklík, P., Dolejš, J. (2014)
METAL WORK USED IN TIMBER ENGINEERING
In: Alexander Salenikovich (ed.), WCTE 2014: World Conference on Timber
EngineeringQuebec City, Canada, August 10-14, 2014PROCEEDINGS, 471 Quebec
City

N.B. When citing this work, cite the original published paper.

Permanent link to this version:
http://urn.kb.se/resolve?urn=urn:nbn:se:lnu:diva-73392



 

METAL WORK USED IN TIMBER ENGINEERING 

Petr Sejkot
1
, Petr Kuklík

2
, Jakub Dolejš

3
 

ABSTRACT: There is a significant possibility of improving the load bearing capacities calculated according to the existing 

Standards of spatial connections with thin walled metal nailing plates. The reason is that the design of these connecting 

elements has inadequate support in the existing Standards. The improvement can make them more consistent with the 

results from tests. Therefore, research has been called to improve this state of the art. The paper presents an experimental 

study on two versions of angle brackets where the results from full scale experiments are compared to different calculation 

procedures. 
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1 INTRODUCTION 123 

Timber connections using thin-walled metal elements 

gradually supplant traditional carpentry joints. Their main 

advantage is that they do not significantly weaken the 

connected timber elements. Other advantages include the 

possibility of in-situ implementing or the possibility of 

direct connections of timber elements to steel and concrete 

structures. 

The most common thin-walled metal connector is a steel 

angle bracket with annular ring nails (see Figure 1). 

 

Figure 1: Spatial joint by a steel angle bracket 
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2 METHODS 

The optimization process consists of full scale 

experiments, analytical and numerical models. The 

initiation of the process is to examine the behaviour of not 

optimized thin walled metal elements through a sufficient 

set of tests. This step can be replaced by a precise 

theoretical model. The behaviour of elements obtained by 

tests or theoretical models showed the weaknesses of the 

current solution and the possibilities of improving them. 

Afterwards, the behaviour of the theoretical models of 

optimized versions of the elements was compared to the 

real behaviour of the tested elements. 

The paper shows the optimization process on one type of 

the angle bracket. The behaviour of the non-optimized 

version was determined by a set of experiments. The 

optimized shape was determined according to two 

analytical approaches and verified by a numerical model. 

Then, the optimized shape was tested and the results were 

compared to the theoretical models. 

3 EXPERIMENTS 

Experiments were done according to EOTA TR 16  [1]. 

The whole full scale experiment consists of two timber 

(spruce) beams 100 x 100 mm in section, 400 mm and 

1110 mm long, two BV/U angle brackets 55x70x70 mm 

(Czech producer BOVA Březnice, type 05-21) and 20 

annular ring nails 4.0/60 mm (see Figure 2). 



 

Figure 2: Experiment schema (dimensions in mm) 

Both sets were loaded according to the same load diagram 

(see Figure 3). Partial load bearing capacities were 

determined by two limits – collapse and maximal 

displacement of 15 mm.  

 

Figure 3: Loading schema 

Two versions of used angles were tested. For the first 

tested set was used bracket before the optimization and for 

the second one was used bracket after the optimization. 

Both types of angle bracket were made of hot-dip 

galvanized steel sheet with a nominal thickness of 2 

millimetres, classified as S280GD+Z275.  

 

Figure 4: BV/U 05-21 dimensions of the angle bracket 
before optimization (mm) 

When comparing these two versions, it is obvious that the 

new version has longer and higher but narrower rib. This 

adjustment allows moving the holes for nails to more 

efficient positions (see Figure 4 and Figure 5). 

 

Figure 5: BV/U 05-21 dimensions of the bracket after 
optimization (mm) 

The force was applied by a hydraulic cylinder with a preset 

loading programme in time. Displacement was measured 

by a group of sensors. All input data were synchronised in 

the measuring centre. The obtained results can be seen in 

following diagrams. 



 

Figure 6: Displacement - force diagram on 10 
specimens of non-optimized angle brackets 

As it is evident from the diagram (Figure 6) the behaviour 

of the non-optimized version of the angle bracket is not 

linear. Nevertheless, the behaviour can be considered as 

linear up to a displacement of 3 millimetres. The reason for 

this behaviour is that the most loaded nails change their 

behaviour when they are pulled out and the load is 

redistributed onto the other nails. 

 

Figure 7: Time - Displacement diagram on 10 
specimens of non-optimized angle brackets 

As it is evident from the diagram (Figure 7), there was 

almost no visible deformation during the first eight 

minutes of the experiments. After that, the collapse was 

quite rapid. 

 

Figure 8: Displacement - force diagram on 5 specimens of 
optimized angle brackets 

As it is evident from the diagram (Figure 8), the behaviour 

of the optimized version of the angle bracket is again not 

linear. Nevertheless, the behaviour can be considered as 

linear up to a displacement of 4 millimetres. Therefore, the 

result is better than in the non-optimized version. 

 

Figure 9: Time - Displacement diagram on 5 specimens of 
optimized angle brackets 

As it is evident from the diagram (Figure 9), there was 

almost no visible deformation during the first ten minutes 

of the experiments. After that, the collapse was again quite 

rapid. However, the collapse was not as rapid as in the case 

of a non-optimized angle bracket. This behaviour is 

convenient in practical cases. 

3.1 EVALUATION PROCEDURE 

The evaluation procedure combines four methods of the 

assessment of tested specimens.  

The density is evaluated according to the Eurocode 0 [2] 

with added reductions respecting the timber joints specifics 

described in EOTA TR 16  [1] and ISO 8970 [3]. 

The final load-bearing capacity is evaluated according to 

the EN 14358 [4] with added reduction from EOTA TR 16  

[1] taking into the account the difference between the 

measured and standardized densities. 



3.1.1 Evaluation of measured densities 
The characteristic value of density was determined as α-

percentile in the normally distributed function. The 

appropriate chosen percentile depends on the number of 

tested specimens. The procedure also contains safeguards 

against suspiciously well measured results. 

Mean value: 
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It is evident from the formula that the Eurocode 0 [2] is 

quite suspicious to experiments with a low standard 

deviation. Therefore, the minimal allowed standard 

deviation is equal to 5% of the mean value. 

Characteristic value: 

ysk snkym )(−=  (3) 

where ks(n) according to Table D1 in EC0 [2] is equal to 

2.33 in the case of 5 specimens and to 1.92 in the case of 

10 specimens.  

It is evident from the formula that the Eurocode 0 [2] is 

also suspicious to experiments with a small number of 

specimens. In the case of 5 specimens, the characteristic 

value corresponds with a 0.99-percentile and in the case of 

10 specimens with a 2.74-percentile. There seems to be a 

significant difference in comparison with the 5-percentile 

in the theoretical case of the infinite number of specimens. 

Nevertheless, the final reduction of the measured values is 

not weighty enough to invest into higher number of tests. 

3.1.2 Consideration of the natural variation of wood 

density with respect to measured capacities 
It is important to consider that the load bearing capacities 

depend on the densities of specimens. The proven method 

of this consideration is described in EOTA TR16  [1] and 

it consists of the following steps: 

Coefficient of variation of the measured wood density: 
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The calculated value represents the ratio of the real 

standard deviation and the mean value of measured 

densities according to the normally distributed function. 

The coefficient of variation of the measured load-carrying 

capacity: 
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The calculated value represents the ratio of the real 

standard deviation and the mean value of measured load-

bearing capacities according to the logarithmically 

normally distributed function. 

The next step of the calculation procedure depends on the 

condition given by EN ISO 8970 [3]: 

mm kk ρρρ )1()1( +≤≤−  (6) 

where k = 1.6COVρ , ρm= mean value of timber density 

and ρ= measured densities from tests. 

Coefficient of variation of the load-carrying capacity 

considering full variation of the wood density is calculated 

then: 

If all measured densities satisfy the condition: 
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If all measured densities do not satisfy the condition: 

1)11.0)(1( 222 −+⋅+= pR cCOVCOV δ  (8) 

where cp depends on the fastener type and the course of 

reduction, in this case a value 1.0 is used, because 

connectors belong to the threaded nails category and 

reduction is always from a higher to lower density. 



Finally, the whole calculation procedure results in the 

factor increasing the standard deviation of the 

load-carrying capacity: 

δCOV

COV
k R=cov  (9) 

3.1.3 Evaluation of measured load bearing capacities 
The proven evaluation method is described in EN 14358 

[4]. The basis of the method is that the characteristic value 

of the load-bearing capacity is determined as α-percentile 

of the logarithmically normally distributed function. The 

appropriate chosen percentile depends on the number of 

tested specimens. The procedure also contains safeguards 

against suspiciously well measured results. 
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where n = number of test values in the sample, mi = partial 

measured values.  

Standard deviation considering the natural variation of 

wood density: 

)05.0;)(ln
1

1
max(

1

2

cov ∑
=

−
−

=
n

i

iy ym
n

ks  (11) 

 

Characteristic value: 
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where ks(n) according to Table 1 in EN 14358 [4] is equal 

to 2.46 in the case of 5 specimens and to 2.10 in the case of 

10 specimens. 

It is evident from the formula that the EN 14358 [4] is also 

suspicious to experiments with a small number of 

specimens. In the case of 5 specimens, the characteristic 

value corresponds with a 0.695-percentile and in the case 

of 10 specimens with a 1.786-percentile. There seems to be 

a significant difference in comparison with the 5-percentile 

in the theoretical case of the infinite number of specimens. 

Nevertheless, the final reduction of the measured values is 

not weighty enough to invest into higher number of tests. 

3.1.4 Measured values transformation into the 

strength class C24 
In the very last step of the calculation, it is necessary to 

transform the measured load-bearing capacities into 

tabulated values for timber strength class C24: 
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where: cv = 1.0, according to EOTA TR16 [1]. 

3.1.5 Evaluation of measured data 
The evaluation procedure was applied to both versions of 

angle brackets (before and after optimization). The 

measured densities are compared in Table 1. The influence 

of the natural variation of wood density with respect to 

measured capacities is shown in Table 2 for both types of 

angle brackets. Table 3 shows the load-bearing capacities 

of both types of angle brackets. 

Table 1: Evaluation of measured densities 

05-21 Not optimized Optimized 

Number of 

specimens 
10 5 

Mean  density 447.9 kg/m
3 

424.2 kg/m
3
 

Standard 

deviation 
32.1 kg/m

3
 23.6 kg/m

3
 

Characteristic 

density 
386.3 kg/m

3
 369.1 kg/m

3
 

 

Compared to table densities in EN 338 [5] of timber 

strength class C24 (ρmean=420kg/m
3
, ρk=350kg/m

3
), it is 

obvious that the used timber has a significantly better 

quality than is required for the appropriate strength class.  

Table 2: Consideration of the natural variation of wood 
density with respect to measured load-carrying capacities 

05-21 Not optimized Optimized 

COVρ 7.158% 5.575% 

COVδ 10.031% 6.601% 

Condition from 

EN ISO 8970: 
Not satisfied Not satisfied 

COVR 14.200% 12.000% 

kcov 1.416 1.818 

 

Because of high density of tested timber elements, both 

sets did not fulfil conditions from EN ISO 8970 [3]. This 

fact results in a slightly high value of the factor kcov,. 



Table 3: Evaluation of measured load bearing capacities 

05-21 Not optimized Optimized 

Mean value: 10.784 kN 17.323 kN 

Standard 

deviation: 
1.082 kN 1.143 kN 

Characteristic 

value: 
8.537 kN 9.511 kN 

Transformed to 

timber strength 

class C24: 

8.006 kN 9.418 kN 

 

It is obvious that optimization brought a significant 

positive effect on the final load bearing capacity of the 

tested angle brackets. Nevertheless, it is also obvious that 

timber with high density delivered by a sawmill was not 

very appropriate. High density generated large reductions 

because of the limitations expressed in (2) and (11). 

Therefore, high density of the tested specimens led to quite 

poor characteristic load-bearing capacities. 

4 CALCULATION 

Two analytical models were compared with the 

experimental results. The first one was an elastic model 

based on the theory of elasticity. The second one was a 

plastic model which respects the approach from EOTA TR 

17 [6]. 

The elastic model describes the behaviour and force 

distribution before significant deformations occurred (see 

Figure 10). 

 

Figure 10: Deformed angle bracket during the elastic 
phase 

The plastic model describes the behaviour and force 

distribution just before the collapse (see Figure 11). 

 

Figure 11: Deformed angle bracket before the collapse of 
the connection. 

4.1 ELASTIC MODEL 

The load-bearing capacity is determined according to the 

elastic model, where the resisting features are only loaded 

nails. In the vertical branch of the angle bracket, nails 

resist the combination of withdrawal and lateral forces. 

Lateral load is uniformly distributed to nails in the vertical 

branch of the angle bracket. Withdrawal forces result from 

the bending moment in the corner of the angle bracket. The 

forces acting on the nails are linearly increasing from the 

corner to the edge of the angle bracket. The forces in the 

nails are balanced by the pushed corner of the angle 

bracket to the timber. The bending moment is transferred 

by a rib to the horizontal branch of the angle bracket. In 

the horizontal branch, the bending moment is balanced by 

linearly distributed withdrawal forces acting on the nails 

there (see Figure 12). 

 

Figure 12: Schema of the elastic model 

This model is quite conservative. Nevertheless, the 

calculation is very simple and easy to use. 



4.2 PLASTIC MODEL 

The calculation is based on: “The example of the 

calculation of a spatial joint of timber elements by steel 

angle bracket loaded in a direction that is opening to the 

angle”. This example was published in the Technical 

Report 17 (TR17) [6] which was released by the European 

Organisation for Technical Approvals (EOTA). The load 

bearing capacity is determined according to the model, 

where the resisting features are two plastic hinges and a 

group of nails in tension, which is expressed by equation: 
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where: Fmax is the maximum force per angle bracket, 

Mpurlin,k is the moment capacity of the plastic hinge in the 

corner of the angle bracket, Mbeam,k is the moment capacity 

of the plastic hinge in the shoulder of the angle bracket, kax 

is the efficiency factor for axially loaded nails, Fax,k is the 

withdrawal capacity of the used annular ring nail, n is the 

number of efficient nails, xy is the position of a plastic 

hinge in the shoulder of the angle bracket, ∑x is the sum of 

coordinates of nails between plastic hinges. 

The maximum force per angle bracket is also limited by 

the condition:  

max, FFknV kaxaxbeam −⋅⋅=  (15) 

where Vmax is the maximum vertical force; n is the number 

of loaded nails; other used variables are described in the 

previous equation. 

The static schema of this plastic analytical model is 

presented in Figure 13. 

 

Figure 13: Schema of the plastic model 

The approach published in EOTA TR 17 [6] is not only 

very simplified, but also difficult to use. The first 

simplification is that the hinges are not linear. It is proved 

by experiment that their real shape is determined according 

to the rules of the path of least resistance. The second 

simplification is that the positive effect of the secondary 

reinforcement of the nails due to prying of the nails is 

neglected. And the third and the most important 

simplification is that the dangerous influence of the 

pushing edge of the angle bracket is neglected. This 

simplification is dangerous because the pushing edge acts 

at the dangerous side of the calculation. 

The main reason why this calculation is difficult to use is 

incalculable input data. The moment capacities and places 

of plastic hinges are determined experimentally. The 

withdrawal capacity of the used nails is not according to 

the Eurocode 5[7] but according to the Danish timber code. 

And the number of efficient nails is determined without 

any explanation.  

Given these reasons one part of the author’s future 

research is to develop this calculation. The main goal of 

the research is to find a suitable and safe placing of the 

plastic hinges which allow determining analytical 

calculations of plastic load bearing capacities. Other 

deficiencies of the approach are bonded to this obstacle. 

4.3 ANALYTICAL MODEL VERIFICATION 

As it was expected, higher load-bearing capacities can be 

calculated by using the plastic model. Nevertheless, it is 

quite tricky to use it without the tested behaviour of the 

loaded angle brackets as it is fundamental to know the 

exact location of plastic hinges to determine the number of 

efficient nails. Usually, the position and the resulting 

number of loaded nails are determined by the end of the 

rib. However, in cases where nails appear close to the end 

of the rib or the rib is not stiff enough, it can be difficult to 

determine the number of pulled nails without precise 

numerical models or full scale experiments. This case 

happened with the non-optimized version of the tested 

angle bracket. Therefore, the calculated load bearing 

capacity according to the plastic model in this case is far 

away from reality. 

On the other hand, the elastic approach is conservative and 

reliable. 

To sum up, Table 4 shows the calculated load bearing 

capacities according to both methods, compared to the 

experimental results. 

Table 4: Calculation results comparison 

05-21 Not optimized Optimized 

Elastic 6.356 kN 7.560 kN 

Plastic 4.037 kN
 

8.074 kN 

Experiment 8.006 kN 9.418 kN 

 



It is noticeable that the optimization of the angle bracket 

brought an almost 20% improvement in the load bearing 

capacity. This improvement was well predicted in the 

elastic approach but not in the plastic approach. The reason 

is that the optimization procedure shifted the second row 

of nails out of the area of the plastic hinge. The plastic 

approach strictly divides nails into being in and being out 

of the area between the plastic hinges. The nails inside the 

plastic hinge are considered being out of this area. 

Therefore, the predicted load bearing capacity of the non-

optimized version according to the plastic approach was 

significantly lower compared to reality. 

4.4 NUMERICAL 3D FEM MODEL 

The numerical 3D FEM model of loaded angle brackets 

has been created in the Abaqus CAE software to compare 

the FEM model solution with its experimental behaviour. 

The model of the steel element material was considered as 

elasto-plastic. Timber was simplified to elastic boundary 

conditions and nails were fixed by springs in tension. 

Although the FEM model is just tentative and inaccurate, 

the deformations of the steel element and the zones of 

potential material failures are adequate (see Figure 14). 

Refining the model is planned within the scope of future 

research. Oncoming results obtained will be continuously 

presented in future papers and at conferences. 

 

Figure 14: FEM model of deformed loaded angle bracket  

5 CONCLUSIONS 

This paper presents overall research work of the Czech 

Technical University in Prague. Detailed information 

about full scale experiments performed on optimized and 

non-optimized versions of angle brackets is presented 

there. Currently obtained results of load tests are 

summarized in diagrams and calculations. The results 

show that the optimization brought an almost 20 % 

improvement in the characteristic load bearing capacity of 

the tested angle brackets. Experimental results compared to 

two different computational approaches showed that both 

of them were applicable. The elastic approach is 

conservative but fast and reliable. The plastic approach is 

less conservative but it is important to accurately 

determine the position of plastic hinges, which can be quite 

difficult in some cases. 

6 FUTURE RESEARCH 

Future research will be focused on precising the 3D FEM 

model and the follow-up parametrical study. The results of 

this study will help to determine the optimal geometric 

properties of produced angle brackets.  
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